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of a computationalprogramarepresentedwhichgive
ofthestiffnessesrequiredofthevariouscomponents

ofa multipost-stiffenedwingto achievedesiredbuckling-stressvalues
underbendingloads.Twoarrangementsofthepostsareconsidered,
uprightpostsandpostsusedasdiagonalsofa Warrentruss. Thiswork
extendsandsummarizesthecalculationspresentedinNACARML~2K10a.

INTRODUCTION

Uprightmenbersknownaapostshavebeenusedtoadvantagefor
providinglocal.stabilizationbetweenthetensionandcompressionsurfaces
ofwingstructuresina numberofproductionaircreft.Intheseapplica-
tionsthepostsusuallyareemployedinlocationssuchasfuel-cellbsys
wherestressanalysesor strengthtestsindicateadditionalstiffnessto
be necessary.Morerecently,theuseof a systematicarrangementof
postsbetweenthewingsurfaceshasbeenproposed(ref.1)as a partial
solutionto someofthefabricationproblemsassociatedwiththinwings.
Thisarrangementhasbeencalledthemultipost-stiffenedwingandmsybe
describedasessentiallya multiwebstructureinwhichalternatefuU-
depthwebshavebeenreplacedbylinesofsmaldstringersconnectedly
postsatapprqmi.ateintervals.Thepresentpaperis concernedwithan
analysisoftheinteractionofthe_variousstiffnesseswhichinfluence
thebucklingbehatiorof sucha stricture.

A stabili_&criterionhasbeenderivedinreference2 whichtakes
intoaccounttheessentialstiffnessesthatmustbe consideredinan
analysisofthemultipost-stiffenedstructuxeundera bendingmoment.
Thecriterionwasusedinreference3 tomakea limitedsetof calculat-
ions todeterminethestiffnessesrequiredofcombinationsof stringers
andpoststo achievedesiredbuck13ng-stresscoefficientsforthestruc-
ture.Thisworkhasbeenextendedandis summarizedinthepresent
paper.Inadditiontoprovidingstiffnessdatafora structurestiffened’

. . . . . . . . .__- ___ —___ _ ___ ——— — —.— ————
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by verticalposts,thepaperprovidesinformationontherequiredstiff-
nesseswhenthepostssreinclinedto forma Warrentrussandalsowhen
transversestiffenersorfo~rs areused
poststiffnessatcertainlocations.
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SYM601S

toprovidetheequivalentof

longitudinalstressin

longitudinalstressin

compressioncoverofbeamatbuckling

tensioncoverofbesmatbuckling

uctcb2
compressive-buckling-stresscoefficient,

f12%

UTtTb2
tensile-stresscoefficient,

ti%T

cross-sectionalsxeaof stringer

widthofcoverbaybetweenlongitudinalMnes of support

thicknessofcompressioncoverskin

thicbessoftensioncoversldn

arearatioof stringerto coverskinon compressionsideof
besm, A/btc

arearatioof stringerto coverskinontensionsideofbeam,
A/btT

lengthof coverbsybetweenpostsupports

post-spacingratio,Z/b

lengthofbuckle(distancebetweentransversenodes)

Young’smodulusofelasticity

Poisson’sratio

flexuralstiffnessof stringer .
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flexuralstiffnessofcompressioncover,

12(1- M2)

EtT3
flexuralstiffnessoftensioncover,

12(1- pp)

flexural-stiffnessratioof stringerto coverskinon compres-
EIsionsideofbeam, —
bDc

flexural-stiffnessratioof stringerto coversldnontension
r EIsideofbeam, —

b%

effectivespringstiffnessof
perunitextension

post-stringerconibination,force

F b3effectivepost-stiffnesspsrameter,— —
3 4D
fic

numiberofbucklesoccurringin lengthofbesm

nuniberofbaysinlengthofbeam

nuniberofbucklesoccurringacrosswidthofbesm

numberofbaysinwidthofbesm

integers

DESCRIPTIONOFSTKUC’IURALCAICUIATIONS

Thecalculationspresentedinthispaperapplyto anyonecellof
a wingstructureofthetypeindicatedinfigure1. Thecompletestruc-
turehasa numberofshesrwebs,asinamultiwebwing,andlocatedmid-
wsybetweentheshearwebsaresinglelongitudinalrowsofpostscon-
nectingstringersonthecoverskins.Thiswingconstructionretains
approximatelyone-halfthenuniberofshearwebsfoundin a conventional
pmltiwebstructureandhasbeenreferredto u themultipost-stiffened
wing(ref.1). Withtheproperconibinationofcomponentstiffnesses,a
13neof stringersandpostscanprovidethessmestabilityagainst
buclUngtothecompressionskinunderbendingloadsas a full-depth
solidweb.

——-.—————..—.— .- —.—.— — -—— .——... , > .., ——- --- —.—
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IdeaUzedStructureandLoadingCondition

Forthepurposeofthesecalculations,themultipost-sti.ffened
structurehasbeenidealizedasa longbeamcontainingfivebasicele-
mentstowhichstiffnessescanbe assi~ed. Theseelementsconsistof
twocoverplates,twolongitutialstringers,andanarbitrarynuniber
of’posts.Thecoverplates,whichmsybe ofunequalstiffness,sre
assumedto receivesimplesupportfromtheshearwebsalongtheside
edgesoftheplate.Thestringersareofidenticalcrosssectionand
arelocatedalongthelongitudinalcenterlineofeachcoverplate.
Thepostsareidea13zedas a seriesofreflectionalspringsof equal
stiffnesswhichconnectthestringersatequallysp”acedintervals. ‘

Thebeamisloadedby a purebendingmoment.Thecompressiveand
tensilestressesinthetwosidesofthebeamareassumedtobeuniformly
distributedovertheplateandstringercrosssections.Thestressin
thetensionsideofthebeamcanthenbe definedintermsofthebuckUng
stressforthecompressionsideofthebeamby thefollowingrelationship
whichexpressestheequali~ofthetwoloadings:

~(2btT+A) ‘ u@btC+A) (la)

Ecpation(la)canbe rewritteninthisform

Whenthebuckling-stresscoefficients~ and ~
b2UTtT~ b2@C

respectively,thevalueof ~
Yc~ Y(2DC‘
termsof ~ asfollows:

/
(lb)

sresubstitutedfor

canbe givenin

(2)

_ ———— ——.. -— —— -— ——— —.——



WA TN 3u8 5

StabilityCriteria

A stabilitycriterionhasbeenderivedinreference2 whichis
applicableto a beamwithanynumberof rowsofpostsandstringers.
As givenhere,thecriterionhasbeenmodifiedslightlyto cotiomnto
thenotationd parametersadoptedinthepresentpaper:

Thecriterionisforthegeneralinstabilitymciieofbucklingin
whichthepostsandstringersdeflectwiththecoversldnsandthusmay
be usedtodeterminethecriticalconibinationsofpostandstringer
stiffnessforwhichlongitudinalnodeswillformalongthestringersat
buckling(i.e.,localinstabilityofthecompressionsldn).Thevalues
of p/n and q/m determinethegeneralinstabilitymodeforthebesm
underconsideration.Forthebeamshowninfigure.1,thegeneralinsta-
bilitymodecorrespondsto p = 1 (onebuckleacrossthewidthofthe
beam)and n = 2 (twobsyswide).Thevalueof q isthenumberof
buckleswhichoccurinabeam lengthof m postspacesandtheratio q/m
mustbe.varieduntilthemsxbmnnvalueofpoststiffnessisfoundwhich
satisfiesthestabilitycriterionforgivenvaluesoftheothervariables.

Thesummationsover r inequation(3)permitan exactrepresenta-
tionofthebuckledeflectionsacrossthewidthofbothcoversofthe
beamandthesummationsover s areassociatedwiththevsriationof
buckledeflectionsalongthebesmlength.As a consequenceofthelarge
numberoftermstobe sumed,solutionsto thisequationarepractical
onlywithhigh-speedcomputingmachines.Solutionsto theequatibn
wereobtainedby theuseoftheNationalBureauofStandardsEastern
AutomaticComputer(SEAC).Thecomputationalprocedureisindicatedin
theappendix.

A usefulsimplifiedformofthestabilitycriterionisobtainedif
thes-summationiseliminatedfromequation(3), so that thedeflections
ofthecoversarerestrictedto a sinusoidalva@ationinthelength

__.. ___ __——— .—--— . ..-—— —
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direction.Theremaini&termsof-theequationrepresenta complete
solutionforthecaseinwhichthepostspacingapproacheszero,in
effect,a uniformdistributionofstiffnessalongthecenterlinesof
theplates.Thesimplifiedstabilitycriterionmaybe writtenas
follows:

ThepreUminaryresults

1

+

(4)

presentedinreference3 showedthat,if several.
postsarecontainedineachbucklelength,thepostsmaybe considered
tobe uniformlydistributedwiththeresultthatequation(4)is Appli-
cable.Thepartofthecalculationsforwhichequation(4-)wasusedwas
madewithanIBMCard-ProgrsmnedCalculator.

StructuralParameters

Calculationswereperformedwiththefollowingvaluesofthe
psmmetersappearinginthestabilityequations:

kc=
uctCb2

= 4, 3.5,3
lr2Dc

.

—.—-
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% ()~T3
—=—
Dc tc

=~,l,m

8C’L =0, 0.2,0.4
btc

Foreachofthepossiblecombinationsoftheseparameters,a rangeof
combinationsofthepost-stiffnessparameterT andstringer-stiffness
parameter7C wasdeterminedwhichsatisfiesthestabilityequations.
TheevaluationofthenondimensionalparametersT and 7C forstruc-
turalmembersisdiscussedina subsequentsection.

Thevaluesof ~ = 1/2,1, and2,where ~ istheratioofpost
spacingtobsywidth,werechosento correspondto aircraftstructural
proportions.ThecalculationsmadeIdth ~ = O permitteda reduction
intheamountofcalculationneededforthecaseswithfinitepost
spacing,asisshownsubsequently.

Theflexural-stiffnessratioofthecoversldns~/Dc wastaken
tobe a functiononlyoftheskin-thic~essratiotT/tC. Thus,elastic
coversldnshavingthessmeYoungTsmodulusandPoisson’sratiohave
beenassumed.Valuesof DT/Dcwerechosento correspondto a tension
skinone-halfasthickSEthecompressionskin,to sldnsofequalthick-
ness,andtothelimitingcaseof aninfinitelyst~ tensionskin.
Thislimitingcaseisusefulinthatthevaluesof T resultingfrom
thesecalculationsareindependentofthetensionskinstiffnessand
arethusapplicabletothedeterminationofthestiffnessesrequiredof
memberssuchastransversestiffenersandformerswhicharenotattached
tothetensionskin. b addition,thiscaseis applicablewhenthe
postssreinclinedto forma Warrentrusswiththestringers.The
valueof T thenisa measureoftherequireddepthwisespringstiff-
nessatthepanelpointsofthetruss.

Withrespecttothestressvaluesachievedinthebeamatbuckling,
a valueof kc equalto4 meansthatthecompressionsldnreceives
enoughsupporttobucklewitha longitudinalnodealongthelineof
postsandthusbehavesasa simplysupportedplateofwidth b and
thicknesstc. No furtherincreaseinbuckl.ingstressispossiblewith-
outaddingtorsionalrestraintsalongtheshearwebsor alongtheline
ofposts.-nmch as itisnotalwsysnecess~ to developa stress
valuecorrespondingto kc = 4 ata givencrosssectionofa wing,the
combinationsofstringerandpoststiffnessesreqyiredto developbuckUng-
stresscoefficientsof kc = 3.5and3 werealsocomputed.
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Thepsmuneter5C istheratioofthecross-sectionalareaofthe
stringersA tothecross-sectionalareaofthecompressionskin btc
and,thus,determinestheproportionofthetotalcompression-panelload
transmittedby thestringer.Becausethesizeof stringersrequiredin
conilxinationwithpoststo achievea givenbucklingstressis considera-
blysmallerthanthestringersrequiredfora conventionallystiffened
sheet,vsluesof !5c= O,0.2,and0.4 werechosento coverthedesign
range.

Otherpsmmetersappearinginthestabilityequationsare 8T and
7T whichmaybe definedintermsofthecorrespondingparameters5C
Snd 7(Jasfollows:

and

EI
7T=—

bDT

RESULTS

titeractionof

EI ‘C k
‘—–=YCZbDc~

ANDDISCUSSION

CmnponentStiffnesses

(5)

(6)

Theresultsof calculationsmadewiththestabilitycriteriaand
structuralparametersdiscussedintheprevioussectionarelJstedin
tablesI to III. Forconstantvaluesof ~/Dc, p, and 5c,thecom-
binationsOf 7C and T requiredto achievedesiredvaluesofthe
buckling-stresscoefficieti~ aregiven.Theassociatedvaluesof
A/b and q/m srealsolisted.When J3= O,bucklingoccurswitha
sinusoidalvariationindeflectioninthelengthdirectionandfrom
theratio A/b thenaturalbucklelengthforeachcombinationof 7~
and T canbe determined.Thebucklepatternismorecomplex,however,
whenthepostsareatdiscreteintervals.Thedistancebetweentrans-
versenodesmaybe expectedtobe nonuniformandthei’eforenobuckle
length-X canbe assigned.Thenumberofbucklesq occurringin
m postspaces,however,wasfoundinthesolutionsofthestability
criterion(eq.(3))andthesevaluesarelistedinthetablesasthe
ratio q/m.

— _.—_—_
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Thestiffnessdatainthetablesarepresentedindesign-chartform
infigures2 to 10. EachfigureinthisgroupisbaEicalJysimilarin
thatforconstantvaluesof ~/Dc and 5C a seriesof curvesispre-
sentedwhichshowshowvaluesofthepost-spacingratio ~ equalto 2,
1,1/2,andO affectthecombinationsof 7C and T reqtiredto achieve
valuesof kc equalto4, 3.5,and3. me datapresentedinfigures2
to4 andfigures~ to7 apply,respectively,tomultipost-stiffened
besmswithequal-thicknesstensionandcompressioncoverssndwithten-
sioncoversone-halfasthickasthecompressioncovers.Figures8 to
10applytobeams,suchasthosehatingWarrentrusses,forwhichan
assumptionofan infinitelystifftensioncoverisappropriate.lheach
ofthesegroupsoffigurestheeffectofvariationsinthestringerarea
ratio5C iSshown.

Inorderto serveasa guidetothepresentationofdatainfig-
ures2 to 10,thecurvesinfi@u?e2 havebeenidentifiedwithleaders
andarediscussedindetail.Thethreecurveslabeledp = O (posts
at aninfinitesimalspacing)givethecombinationsofthestringer-
stiffnesspsrameter7C andpost-stiffnessparameterT reqy.iredto
constrainthecompressioncoverof a multipost-stiffenedbesmtobuckle
withstresscoefficientsequal.to4, 3.5, snd3. The ~vdues of
thestringer-stiffnessparameteryc requiredto achievethebuckling-
stresscoefficientsoccurattheleftendofthesecurveswherethe
post-stiffnessparameterT is zero.Thesemsximmvaluesof 7C are
thosethatwouldbecomputedfora compressed,infinitelylong,simply
supportedplatewitha singlestringer(seeref.4). Asthestringer
stiffnessisdecreasedthepoststiffnessrequiredtomaintainthesame
stabilityincreases.Thedatapresentedinreference~ indicatethat
7C couldbe reducedto zeroandbuckling-stresscoefficientsof3 and
3.5couldbe achievedwithverycloselyspacedpostsoffinitestiffness.
However,a buckkhg-stresscoefficientof4 cannotbe attainedwithout
thepresenceof a stringer,regardlessofthemagnitudeofthepost
stiffness.Thus,forthecurveassociatedwith p = O and ~ =4,
thevalueof T approachesinfinityforsomevalueof 7C betweenO
and0.7as indicatedinfigure2.

Thecombinationsof 7C and T associatedwithpost-spacing
ratiOS~ equal.to 1/2,1,and2 liealongthe”p = O curvesfora
largepartoftheirlengthsandhavebeenidentifiedsepmatelyonly
alongthepartswheretheydeviate.Thereasonforthecoincidenceof
thesecurveswiththe j3= O curvesincertainregionsliesinthe
definitionofthepost-stiffnesspsrameterT. TheparameterT iS a

distributedstiffness;thatis,it involvesthestiffnessofindividual
postsdividedbythepostspacing.Thus,whenthebucklelengthsare
longenoughtoencompassseveralpostspaces,thestructuralbehavior
isessentiallythesameasifa uniformdistributionofpoststiffness



10

(J3= O)werepresent.As 7C
becomeshorterrelativeto the
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decreases,however,thebucklelengths
postspaces(seetheratiosof q/m in

tablesI toIII)andtheeffectisto increasethevalueof T required
fora givenvalueof 7C to achievethessm.estability.

Forthepost-spacingratios~ = 1 and2,valuesfor 7C were
determined(dashed-linevaluesinfigs.2 to 10)whichwouldbe required
to achievebuckling-stresscoefficientsof4, 3.5,and3 whenbuckling
occurswithtransversenodesthroughthepostlocations.b orderfor
thismodeofbucklingto occur,thepostsandthetensionplateupon
whichthepostsaresupportednmsthavesufficientstiffnesstobehave
as iftheywereeffectivelyrigidornondeflecting.Theprecisepoints
atwhichthecurvesfor p equalto 1 and2 intersectthedashedlines
werenotdeterminedinthesecalculations,butanintersectionat a
finitevalueof T isindicatedby thetrendofthecurves.similar
intersectionsofthe ~ = 1/2 curveswiththedashedMnes arenot
indicatedinanyofthefiguresbecauseatthispostspacingthedashed-
linevaluesof 7C areeitherverysmallor arenegative.ItiS
evidentfromthedatathatcurvesforotherpost-spacingratiossuch
as P equalto 3/4 ands/2couldbeestablishedtithreasonableaccu-
racyby determiningthedashed-linevaluesof 7C froma sourcesuch
asreference4 andfairingtransitionsintothe ~ = O curves.

Iha multipost-stiffenedbeamthestiffnessofthetensioncover
influencestherequiredstiffnessof thepostsandstringers.The
magnitudeofthiseffectisshowninfigureU.. Thepost-spacing
ratioB, thestringerarearatio5c,andthebuckling-stresscoeffi-
cientkc havebeenheldconstantinthiscomparison.Aswouldbe
expected,whenthestiffnessofthepostsconnectingthetwocoversis
small,thestiffnessofthetensioncoverhaslittleeffectonthe
stabilityofthecompressioncover.Formorenormalconibinationsof
stringerandpoststiffness,however,thetension-coverstiffnesshas
anappreciableeffectonthestructuralbehavior.As indicatedbythe
~/Dc = 1/8 curve(tensioncoverone-halfasthickas compression
cover),a buckling-stresscoefficientof4, correspondingtotheforma-
tionof a longitudinalnodealongthestringerandpostline,cannotbe
achievedevenwithinfinitelystiffpostsifthestringer-stiffness
ratio7C isreducedto,avalueslightlylessthan3. With Iky/~=W,
stabilitycouldbe maintainedwith 7C = O anda finitevalueof T.

Thecalculationstith I@/Dc‘CU weremadenotonlyto establish
theextenttowhichtheassumptionofaninfinitelystifftensioncover
wouldinfluencethereqpiredvaluesofpoststiffness,asshowninfig-
ureU, butalsoto establishthestiffnessrequiredof othertypesof
suppotiswhicharenotattachedto thetensioncoverorforwhichthe
assumptionof sninfinitelystifftensioncoverisappropriate.Such

/

. ..———— -— .——. ..—- - —
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supportsmaybe intheformoftransversestiffenersor formers
canprovidetheequivalentofpoststiffnessby virtueoftheir

which
beam

bendingstiffness.Thereplacementof oneormoreverticalpostsby
suchtransversemenibersmsybe desirableatfuel-cellandlanding-gear
locationsin amultipost-stiffenedwing. In thiscasetherequired
beamstiffnessofthetransversemenibersmaybe determinedfromthe
valuesof T giveninfigures8 to 10. ThequantityF inthepost-

F b3stiffnessparameterT = — —
z YC4DC

istakentobe theforceappliedat

themidspanofthetransversememberreqtiredtoproducea unitdeflec-
tionofthemember.Ifthesupportisa Warrentruss,thevalueof F
istheforcerequiredtoproducea unitdepthwisedisplacementat a
panelpointofthetrusswiththefarendsofthediagonalsentering
thepanelpointpreventedfromdisplacing.Somepracticalconsidera-
tionsthatariseintheevaluationof F fortransversebeamsand
Warrentrusses,aswellasverticalposts,arediscussedinthenext
section.

EvaluationofPostandStringerStiffness

Theuseofthepost-stiffnessparameterT inthepresentpaper
isa departurefromthenotationusedinpreviousI?ACApapersdealing
tithpostconstruction.Thereasonforthisdepsrtureisthat T
appearstobe a natural.parameterasevidencedby thesuperpositionof
thedataforvariousvaluesof ~ infigures2 to 10.

Inorderto clarifythemesmingof T withrespecttoprevious
definitionsofpoststiffness,thefollowingrelationshipsaregiven.
TherelationshipbetweenT andthepost-stiffnessparameterS of
references2 and3 is

(7)

ThesyaibolS wasalsousedtodenotepoststiffnessinreference5.
TherelationshipbetweenT and S ofreference5 (whenonerowof
postsisused)is

(8)
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TheevaluationofthequantitieswhichdetermineT
constructionis straightforwardwiththeexceptionofthe
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fora given
quautityF.

Simpletensionandco~ressiontestsmadeon specimenssuchastheone
showninfiguxe12(a)indicatethattheflexibilityoftheattachments
ofpoststo stringersandstringersto coverskinsmsyeasilyhavea
greaterinfluenceontheeffectivevalueof F thantheaxialstiffness
ofthepostitself.Theeffectivevaluesof F determinedfromexperi-
mentalload-shorteningcurvesindicatedthatfrom15to 30percentof
thetheoreticalaxialstiffnessofthepostsalonewasbeingrealized.
Evenwiththisreductionineffectivepoststiffnessdueto attachment
flexibiliW,however,therequiredvaluesof T shouldbe easily
achievedwtthmembersofpracticalsize.

A determinationoftheeffectivevalueof F forthepanelpoints
ofa trusscanbe carriedoutin a loadingtestlikethatshowninfig-
ureX2(b).Theloadis appliedtothechordmembersandthelowerpanel
pointsarepreventedfromdisplacing.Thedisplacementofthetopchord
ismeasured.

IfthestiffnessF isbeingprovidedby transversemenibers
spanningthewidthbetweenshearwebs,thequantityF willbe inthe
formof a bendingstiffness.Forthecaseofameniberwithsimplysup-
portedendsanda rigidconnectionatthemidspanto thelongitudinal—

6(EI)tr~ where (EI)tr-
stringer,thevalueof F isequalto

b5 \ (
istheflexuralstiffnessofthetransversemember).A suitablereduc-

tioninthisvalueshouldbemadeto accountfora flexibleconnection
betweenthelongitudinalstringerandthetransversemember.

Forthecalculationofthestringerstiffnesspmameter 7c,
approximatelycorrectvaluesshouldbe obtainedifthestringercross
sectionis sturdyandthemomentofinertiaofthestringeris calcu-
latedabouttheplaneofattachmentto thecoverskins.Thisprocedure
csmbe showntobe justifiedwhen 5C ~d 7~ aresmall,asiS UkeU
tobe thecasewithmltipostconstruction.

NumericalComparison

Theeffectofusingstringersin conjunctionwithpostsina
multipost-stiffenedstructurecanbe illustratedby comparingthe
presentresultswiththoseobtsinedti reference5 w~ch a@Y to a
multipost-stiffenedbeamwithoutstringers.Forexample,considera
beamwithequal-stiffnesscoversI@/~ = 1 snda post-spacingratio
of p=l. Ifsucha beemwereconstructedwithoutstringersalongthe
rowofposts,themsximxnbuckling-stresscoefficientthatcouldbe

—— .—— — —— .——
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achievedwouldbe ~ = 1.56 andtherequiredpoststiffnesswould
correspondto T = 0.62. (FromtableI of ref.~ andinthenotation
ofthatpaper,~ = 0.50,k = 6.250,~d s = 24.4.)Withthesesame
valuesofpoststiffnessandpostspacing,theeffectofaddingstringers
tothebeamcanbe determinedfromfigures2 to4, dependinguponthe
stringerarearatio5C selected.Thevaluesof 7C requiredto
raisethebuckling-stresscoefficientofthestructurefrom ~ = 1.56
to kc =3, 3.5,and4 havebeenreadfromthesefiguresandplotted
to formthecurvespresentedinfigure13. Thesecurvesshowthatthe
additionof stringersofrelativelysmallmomentof inertiaproducesa
largeincreaseinthebuckling-stresscoefficientforthestructure.

Theincreaseunbuckling-stresscoefficientshowninfigure13
couldalsobe achievedin a besmwithpostsaloneby eitheraddingmore
rowsordecreasingthelongitudinalspacing,orboth. Themeritof
thisalternativeas opposedto addingstringersmustbe decidedonthe
basisofweightandfabricationproblemsforthestructurein question.

CONCLUDINGREMAFW

Thedatapresentedgivenumericalvaluesofnondimensionalstiff-
nessquantitiesneededforthedesignofthecomponentsofa multipost-
stiffenedwing. Proceduresthatmightbeusedin evaluatingthese
stiffnessquantitiesforpracticalconstructionhavebeenindicated.
Theresultsindicatethat,overa widerangeofstructuralpsmmeters,
therequiredstiffnessescanbe achievedwithstructuralmen.ibersof
practicalsize.

A comparisonoftheseresultswiththoseof a similaranalysisof
multipost-stiffenedbeamswithoutstringersshowsthat,forthesame
postconfiguration,appreciablyhigherbucklingstressescanbe developed
whensmallstringersareusedin conjunctionwithposts.Theaddition
ofstringersmakespossiblethedevelopmentofbuckling-stressvaluesin
thecompressionsurfacecorrespondingto simplesupportalongthelines
ofposts.

-eY Aeromticd Laboratov,
NationalAdvisovCommitteeforAeronautics,

LangleyField,Va.,October7, 1953.
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APPENDIX

COMPUTATIONPROCEDURE

ThenumericaldatapresentedintablesI to IIIwerecomputedby
theuseofthestabilitycriteriagivenpreviouslyasequations(3)and
(4). Thedataforthecasesinwhich ,6= 1/2,1,and2 wereobtained
fromequation(3)whichwascodedforsolutionontheNationalBureauof
StandtisEasternAutomaticComputer(SEAC).The ~ = O casewascom-
putedby theuseofequation(4)codedforsolutionon an IBMCard-
ProgrammedCalculator.

Theprocedureusedwithequation(3)to calculatea givenpoint
listedintablesI to IIImaybe summarizedasfollows:

(1)Insertthedesiredvaluesofthestructuralparamtersinto
thecodeforequation(3).

(2)In order to calculatethevalueof T associatedwitha given
valueof yc,assumea valueof ~m andsumthetermsinequation(3)
untila valueof T is computedto thedesiredaccuracy.

(3) Forthegivenvalueof 7c,~m q/m in smallstepsandstun
theseriesforeachvariationin qfm untila maximumvslueof T is
obtained.

Thessmegeneralprocedurewasalsousedinsolvingequation(4)
withtheexceptionthat,forgivenvaluesofthestructuralparameters,T
wasmaximized~th respectto A/b. Withrespecttotheaccuracyofthe
results,thenumberoftermssurmnedinthestabilitycriterionwere
ad~usteduntilitwasevidentthattheerrorinthevalueof T would
be lessthan1 percent.

.

>
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